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(54) METHOD OF HEAT-TREATING SILICON WAFER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of heat-treating a silicon wafer which can be 
heat-treated at a high temperature in an atmosphere of hydrogen or argon by preventing the 
generation of a slip of a boat for heat treatment due to the contact of the boat with a wafer and the 
like, the generation of particles, and the generation of a defect in the wafer that accompanies the 
generation of the slip and the particles and. 

SOLUTION: In a method of heat-treating a silicon wafer, a required thickness of an Si02 film is 
provided on the surface of a boat for heat treatment formed using silicon as its base material, 
whereby the comparatively soft Si02 film serves the function of a buffer material to enable to 
suppress the generation of a slip of the boat due to the contact of the boat with a wafer or the like 
and the wafer, which is excellent in device characteristics, can be provided by applying this boat to a 
high-temperature heat treatment of the wafer in an atmosphere of hydrogen-or argon for enabling a 
reduction in a crystal defect in the vicinity of the surface of the wafer. 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The heat treatment approach of a silicon wafer of using a single crystal or polycrystalline 

silicon as a base material, and holding at least the silicon wafer laid in this using the silicon wafer and the 

boat for heat treatment which made the oxide film forming in a contact schedule side 30 or more min to a 

temperature field 1050 degrees C or more in hydrogen, an argon, or its mixed ambient atmosphere. 

[Claim 2] The heat treatment approach of a silicon wafer according to claim 1 that heat treatment ambient 

atmospheres are argon gas and a 1050 degrees C - 1250 degrees C temperature field. 

[Claim 3] The heat treatment approach of a silicon wafer according to claim 1 that heat treatment ambient 

atmospheres are hydrogen gas and a 1050 degrees C - 1200 degrees C temperature field. 

[Claim 4] The heat treatment approach of a silicon wafer according to claim 1 that the programming rate 

to a temperature field 1 000 degrees C or more is [ the programming rates to below 4 degrees C / min, and 

a temperature field 1 1 00 degrees C or more ] below 2 degrees C / min. 

[Claim 5] The heat treatment approach of a silicon wafer according to claim 1 that oxide-film thickness is 
1 micrometer - 5 micrometers. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the silicon wafer used for 
manufacture of a semiconductor device, especially the heat treatment approach of a silicon wafer that the 
defect near the front face controls generating of a slip, and heat-treats the wafer of little high quality. 
[0002] 

[Description of the Prior Art] The demand of a silicon wafer with few defects near the front face is 
increasing as high integration of a semiconductor device and high performance-ization progress. For this 
reason, in order to reduce the epitaxial membrane formation technique which forms a new layer with few 
defects, and the defect which exists in the wafer itself, elevated-temperature heat treatment of 1000 
degrees C or more or 1 100 degrees C or more is performed in hydrogen or an argon ambient atmosphere. 
[0003] Especially in elevated-temperature heat treatment, it excels in the soak nature of whenever 
[ furnace temperature ], and the vertical mold furnace which can attain a high throughput is mainly used. 
Under the present circumstances, generating of a slip poses a problem. 

[0004] The improvement of the boat by which it is generally known that the slip generated to the silicon 

wafer will degrade the property to a device property, and it supports a wafer as the cure is made. 

[0005] Conventionally, as a wafer support boat, generally the boat which consists of the end plate of two 

sheets, two or more maintenance rods, and a guidance rod is used, and has composition using a quartz and 

silicon as the quality of the material of each part material (reference, such as JP,60-107843,A). 

[0006] 

[Problem(s) to be Solved by the Invention] However, in the case of the boat made from a quartz, it has the 
trouble that the use in an elevated temperature of 1 100 degrees C or more cannot be borne. Then, SiC was 
examined as a material which can be equal to high temperature processing 1 100 degrees C or more. 
[0007] At the beginning, from the SiC base material, while the metal impurity heat-treated, it was spread, 
and the problem which carries out wafer contamination arose. However, the front face is improved by 
giving the CVD coat of SiC as described by JP,3-153876,A etc., for example. 

[0008] Moreover, an oxide film is formed in the front face of the boat which consists of SiC composite 
material which infiltrated Si into the front face of a SiC sintered compact by HF, and the method of 
preventing the wafer contamination by the metal impurity at the time of heat treatment is proposed (JP,10- 
194876, A). 

[0009] However, as compared with the silicon which is a wafer ingredient, a blemish or particle tends to 
generate SiC to silicon in the contact surface with silicon according to causes, like that it is a high degree 
of hardness, that coefficients of thermal expansion differ, and the still very smaller irregularity on a CVD 
coat front face exists. Consequently, the problem that a slip is easily generated with these as the starting 
point arises. 

[0010] Then, in order to control the problem of contamination, and generating of a slip, the heat treatment 
boat made from silicon was developed. In the case of the boat made from silicon, what processed 
polycrystalline silicon or single crystal silicon is known. This has the description that less heat 
deformation in an elevated temperature is than a quartz boat. 

[001 1] however, the curvature of the wafer by the temperature gradient within a contact blemish with the 
wafer loaded although the probability of occurrence is small as compared with a SiC boat, and the wafer 
side in rising and falling temperature — flustering — etc. — the particle and the contact blemish to depend 
occur. Consequently, the problem of a defective = slip of a wafer had arisen. 

[0012] Moreover, it increases because the unevenness by fixing, a contact blemish, etc. of particle which 
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were generated repeats heat treatment on the boat front face itself and performs it to it. It became the 
stress concentration point of the wafer which these loaded, and there was a problem which the frequency 
of a slip and die length increase. 

[001 3] In order that this invention may obtain the silicon wafer which was excellent in the device 
property, it prevents the slip by contact to a wafer etc., generating of particle, and defective generating of 
the wafer accompanying it to a list, and aims at offering the heat treatment approach of the silicon wafer 
which can carry out elevated-temperature heat treatment in hydrogen or an argon ambient atmosphere. 
[0014] 

[Means for Solving the Problem] As a result of examining many things for the purpose of reduction of 
generating of the slip in the boat for heat treatment which used silicon as the base material, artificers by 
preparing Si02 film of necessary thickness in a boat front face Si02 comparatively soft film is very 
effective in control of a slip sure enough in the function of shock absorbing material. The knowledge of 
the ability to offer the wafer which excelled [ apply / to elevated-temperature heat treatment in the 
hydrogen which can reduce the crystal defect near the wafer front face, or an argon ambient atmosphere / 
this boat ] in the device property was carried out, and this invention was completed. 
[0015] That is, this invention is the heat treatment approach of the silicon wafer which uses a single 
crystal or polycrystalline silicon as a base material, and is characterized by holding at least a silicon wafer 
and the silicon wafer laid in this using the boat for heat treatment which made the oxide film form in a 
contact schedule side 30 or more min to a temperature field 1050 degrees C or more in hydrogen, an 
argon, or its mixed ambient atmosphere. 

[0016] This invention is set to the heat treatment approach of the above-mentioned configuration. 
Moreover, a heat treatment ambient atmosphere Argon gas, the approach of being a 1050 degrees C - 
1250 degrees C temperature field, and a heat treatment ambient atmosphere The programming rate to the 
approach and the temperature field 1000 degrees C or more which are hydrogen gas and a 1050 degrees C 
- 1 200 degrees C temperature field proposes [ the programming rate to below 4 degrees C / min, and a 
temperature field 1 100 degrees C or more ] collectively how the approach of being below 2 degrees C / 
min and oxide-film thickness are 1 micrometer - 5 micrometers. 
[0017] 

[Embodiment of the Invention] This invention is characterized by preparing the oxide film of necessary 
thickness in the front face of the boat for heat treatment which used silicon as the base material, and 
controlling generating of a slip to a processed wafer using the function as shock absorbing material of this 
film. 

[0018] Serving an oxide film as a viscoelastic body is known, and especially, at the temperature of 1000 
degrees C or more, in an elevated temperature, since coefficient of viscosity falls, viscous flow arises. 
When it utilizes effectively that the heat treatment conditions and said temperature field of this invention 
for carrying out upgrading near the silicon wafer front face correspond and soft silicon oxide exists 
between a wafer and a boat base material, an oxide film achieves work of shock absorbing material. 
[0019] moreover, even when some irregularity exists in a boat front face or baud ****** and a wafer rub 
against it according to camber generating of a wafer, the damage of WEHAHE can be reduced by 
existence of an oxide film, and, as a result, as for artificers, generating of a slip is controlled — thing 
knowledge was carried out. 

[0020] If a single crystal or polycrystalline silicon is used as a base material, even if the horizontal -type 
boat used at a horizontal-type fiirnace besides the configuration of the vertical mold boat shown in an 
example is which a well-known configuration, it can be used for the boat for heat treatment used in this 
invention. 

[0021] In the case of the body for heat treatment of a boat or sectional boat which used silicon as the base 
material, as an approach to form the above-mentioned oxide film in the boat front face for heat treatment, 
the approach of heat-treating the member in an oxidizing atmosphere is mentioned. In this case, it is 
possible to form a repeat oxide film, without removing a boat from a furnace, even when it installs into a 
silicon wafer heat treating furnace, it excels in the simple nature that it can oxidize thermally on that spot, 
and economical efficiency and an oxide film becomes thin by reduction or etching in elevated- 
temperature heat treatment in a non-oxidizing quality ambient atmosphere. 
[0022] Moreover, silicon oxide can also be easily formed with the heat CVD which used TEOS 
(TetraEthlOrthoSicate) etc. as the raw material. In the case of Heat CVD, in order not to consume the base 
material silicon at the time of membrane formation, it excels in the endurance to washing of a repeat. 
[0023] In this invention, it is possible to remove metal contamination of the heat treating furnace captured 
in the oxide film or a wafer the whole oxide film by HF washing, and the cleanliness of a boat can be held 
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for a long period of time. 

[0024] If the thickness of 0.1 micrometers or more has the thickness of the oxide film prepared in the boat 
front face for heat treatment, in order to be able to achieve the function as shock absorbing material and to 
heighten the effectiveness concerned more, thickness 1 micrometers or more is desirable. By the natural 
oxidation film whose thickness usually formed in a silicon front face is 10A - 30A, if it puts in another 
way, since that thickness is thin, there is no function as the boat of the technical thought of this invention 
and shock absorbing material between wafers, and it needs to form an oxide film with a thickness of 0. 1 
micrometers or more. 

[0025] If coefficients of thermal expansion differ and an oxide film is too thick, since big compressive 
stress will work to an oxide film at a room temperature and they will cause exfoliation of an oxide film 
and generating of particle, although the effectiveness over a slip of an oxide film is so effective that 
thickness is thick on the other hand, when oxide-film formation cost is further taken into consideration, 3 
micrometers or less are desirable [ silicon and the thermal oxidation film / the thickness of an oxide film / 
5 micrometers is an upper limit, and ]. 

[0026] Therefore, in this invention, the oxide film prepared in the boat front face for heat treatment 
contacts a processed wafer, for example, if it forms only in the retention groove ( drawing 1 B, 2 
reference) by the above-mentioned thickness, it can expect sufficient effectiveness. 
[0027] This invention is applied to the process which extinguishes the crystal defect near the wafer front 
face using the boat for heat treatment of an above-mentioned configuration by carrying out elevated- 
temperature heat treatment in hydrogen, argons, or these mixed ambient atmospheres. 
[0028] For this reason, 1050 degrees C or more which is the temperature in which deposit control of the 
silicon oxygen compound near the wafer front face is possible become a heat-treatment-temperature field 
by carrying out out-diffusion of the dissolution oxygen in a wafer. Moreover, it is necessary to hold at 
least 30 minutes or more to acquire this effectiveness. 

[0029] On the other hand, in an elevated-temperature side, it is restricted at the temperature to which the 
etch rate of the Si02 covering film on the front face of a boat by elevated-temperature reducing 
atmosphere, such as hydrogen or an argon, becomes practically sufficiently small, and 1300 degrees C or 
less of the temperature are 1250 degrees C or less preferably. 

[0030] It is 1 100 degrees C or more at which not only an oxygen sludge but COP which is the crystal 
defect which the wafer itself has as heat treatment temperature may disappear by elevated-temperature 
reducing atmosphere, and when the endurance of the Si02 covering film under the hydrogen ambient 
atmosphere where reducibility is more strong is taken into consideration, 1200 degrees C or less are more 
desirable. 

[003 1] Generally, it is known that a slip will be influenced not only with the structure of a boat and the 
quality of the material but with a programming rate. That is, the temperature gradient within a wafer side 
becomes large, so that a programming rate becomes large, and a slip is generated with this thermal stress. 
With the usual boat structure for heat treatment, the contact surface (point) of a boat and a wafer serves as 
an origin of a slip, and thermal stress, self-weight stress, etc. are added, and a slip is generated and it 
grows up. 

[0032] However, in this invention, since it is hard coming to attach the blemish in the contact surface with 
the boat used as the origin of a slip in order to prepare predetermined silicon oxide in the boat for heat 
treatment, it is effective in the ability to make a programming rate larger than before. 
[0033] That is, when 200mm (8"phi) wafer was used, by the boat without the conventional oxide film, for 
slip control, the temperature field 1000 degrees C or more needed to be made into below 2 degrees C / 
min, and 1 100 degrees C or more needed to be made into below 1 degree C / min. However, this 
invention enabled it to hold down to a maximum of 4 degrees C / min above 1000 degrees C, and to hold 
down to slip generating comparable as a boat conventionally above 1 1 00 degrees C with the programming 
rate of a maximum of 2 degrees C / min. 
[0034] 

[Example] The plates la and lb of a vertical pair with the circular boat for vertical mold heat treatment 
shown in example 1 drawing 1 are arranged in parallel mutually, carry out wearing immobilization of the 
both ends of four maintenance rods 2 at each opposed face of Plates la and lb, and assemble them to one. 
Moreover, the retention groove 3 for holding a wafer horizontally is engraved on each maintenance rod 2 
at intervals of predetermined. In the example, the single-crystal-silicon plate and the maintenance rod 2 
with which said plates la and lb were produced by the CZ process used the polycrystalline silicon rod. 
[0035] In the example 1-1, the above-mentioned silicon boat was inserted in the vertical mold heat 
treating furnace, heat treatment of 1200 degrees C and 15hr was performed among the oxidizing 
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atmosphere, and the 3 -micrometer oxide film was created in the silicon boat front face, moreover — an 
example 1-2 to 1-5 — the above-mentioned silicon boat — Heat CVD — 10-micrometer [ 0.1 micrometers 
to ] thickness — the oxide film of thickness was formed variously. 

[0036] Silicon oxide is formed in the top face 4 of each retention groove 3 of the maintenance rod 2, and 
when the wafer 5 has been arranged here, a wafer 5 will be laid in the retention groove 3 through this 
oxide film. 

[0037] Moreover, the above-mentioned silicon boat which does not prepare an oxide film as an object for 
a comparison was used. 200mmphi silicon wafer (7-12ohm [ of specific resistance cm ], amount 10 of 
content oxygen - 14xl017-/cc [Old ASTM]) was used for defective evaluation of the wafer by heat 
treatment. 

[0038] The 50 above-mentioned silicon wafers for evaluation were respectively carried in the various 
above-mentioned boats for heat treatment, and it cooled with the same cooling rate as a temperature up 
after a temperature up and lhr maintenance to a temperature up and 1200 degrees C by 10 degrees C / min 
to 1000 degrees C an injection and after that at the rate of 100 mm/min at 2 degrees C / min at the vertical 
mold furnace held at 600 degrees C. Ar gas 100% was used for the heat treatment ambient atmosphere of 
a vertical mold furnace. 

[0039] **** operation of this heat treatment was carried out 5 times by each boat, among these heat 
treatment wafers, to the wafer of a bottom (#50) in the slot location topmost part (#1) of a boat, and the 
mid-position (#25), X-ray topography estimated slip evaluation, and the **** machine (SFS6220) 
estimated the particle beyond size 2micrometer on the front face of a wafer. 5 times of the average values 
and the number of particle of the length between couplings of a slip and addition die length are shown in 
Table 1. 
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[0041] By covering the boat front face for heat treatment made from silicon with silicon oxide shows that 
generating of a slip is controlled so that clearly [ Table 1 ]. However, when the thickness of an oxide film 
is 10 micrometers, much particle exists in the wafer front face considered to be exfoliation of an oxide 
film. 

[0042] When heat-treating the Ar gas 100% ambient atmosphere of conditions as well as an example 1 
using the same boat for heat treatment as example 2 example 1-1, the programming rate to 1000 degrees 
C or more and 1 100 degrees C was changed from 2 degrees C / min to 5 degrees C / min, and 1 100 to 
1200 degrees C carried out the temperature up by 2 degrees C / min immobilization. The example of a 
comparison carried out the programming rate as conditions similarly except using the heat treatment boat 
which does not prepare an oxide film. The slip evaluation result at this time is shown in Table 2. If the 
same programming rate compares and an oxide film will be prepared in this boat front face so that clearly 
[ Table 2 ], it will turn out that slip generating is controlled and reduction of the processing time in 
elevated-temperature heat treatment will also become possible. 

[0043] In case the Ar gas 100% ambient atmosphere of conditions as well as an example 1 was heat- 
treated using the same boat for heat treatment as example 3 example 1-1, 1000 to 1 100 degrees C carried 
out the temperature up by 2 degrees C / min immobilization, and the programming rate to 1 100 degrees C 
or more and 1200 degrees C was changed from 1 degree C / min to 3 degrees C / min. The example of a 
comparison carried out the programming rate as conditions similarly except using the heat treatment boat 
which does not prepare an oxide film. The slip evaluation result at this time is shown in Table 3. If the 
same programming rate compares and an oxide film will be prepared in this boat front face so that clearly 
[ Table 3 ], it will turn out that slip generating is controlled and reduction of the processing time in 
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[0044] 
Table 21 
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[0045] 
[Table 3] 
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[0046] When heat-treating conditions as well as example 4 example 1 , the heat treatment ambient 
atmosphere was made into the bottom of Ar or H2 gas ambient atmosphere, and the maximum 
temperature was heat-treated by changing variously from lOmin to lhr in 1000 degrees C to 1300 degrees 
C, and the holding time. The boat conditions for heat treatment were the same as the example 1-1, and the 
programming rate set 1000 degrees C - 1200 degrees C to 2 degrees C / min, and they set 1200 degrees C 
or more to 1 degree C / min. Evaluation measured the maximum slip length like the example 1 , and 
evaluated LPD (light-scattering particle) with a size of 0.09 micrometers or more using SP1 made from a 
ten call. 

[0047] Both Ar or H2 gas ambient atmosphere of LPD is as large as 100 or more pieces at 1000 degrees 
C. Then, as a result of observing a wafer cross section and a front face, it turned out that an oxygen sludge 
and COP exist near the front face. 

[0048] Moreover, although a LPD number hardly changed to 1250 degrees C in Ar ambient atmosphere, 
in 1300-degree-C processing, a LPD number increases and the slip is also growing rapidly. On the other 
hand, in a hydrogen ambient atmosphere, it turns out that it is in the inclination which LPD and a slip 
increase from 1200 degrees C. 

[0049] It is because the oxide film on the front face of a boat was etched when heat treatment temperature 
became an elevated temperature more, the effectiveness as shock absorbing material between a wafer and 
a boat of the above-mentioned result was lost and particle and Si02 film which separated according [ a 
slip ] to generating and contact were measured as LPD, and the effect is remarkable in the hydrogen 
ambient atmosphere where especially reducibility is strong. Moreover, in order to reduce the crystal 
defect near the wafer front face, 1050 degrees C and heat-treating [ of 30 or more min ] are clear. 
[0050] 
[Table 4] 
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[0051] 

[Effect of the Invention] The slip by contact to a wafer etc., generating of particle, and defective 
generating of the wafer accompanying it are prevented, and this invention enables it to offer the silicon 
wafer which excelled [ carry out / in hydrogen or an argon ambient atmosphere / elevated-temperature 
heat treatment ] in the device property. 
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* NOTICES * ^ ^ 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 
[Drawing,!.] 
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